ABSTRACT
INTRODUCTION

There has been interest in a new technique called Externally Dispersed Interferometry
). Band labels at bottom avoid major telluric line regions.
INSTRUMENT THEORY
Conventional spectrograph theory
Wavenumber ν = 1/λ is the preferred dispersion variable rather than wavelength λ since the interferometer sinusoidal comb is periodic in ν.
The conventional (purely dispersive spectroscopy) detected signal versus wavenumber, S c (ν), is the convolution of the intrinsic input spectrum, S 0 (ν), and the native spectrograph line spread function LSF 0 (ν),
The convolution of Eq. 1 is conveniently expressed in Fourier-space as a product, 
EDI theory
The normalized interferometer transmission T (ν) is a sinusoidal spectral comb, 
The conventional spectrum is obtained by summing the phase-stepped data so that fringing terms cancel, such as
The EDI fringing spectrum is obtained by summing the same exposures, but only after numerically rotating them by θ so that the hardware applied phase steps φ are reversed and add sympathetically. The fringing spectrum is called a "whirl", represented by symbol W(ν), and is complex, where the complex magnitude and phase represent the fringe phase and magnitude for that wavenumber channel. The general form for combining n multiple phase steps of equal size ∆φ = 2π/n to isolate the fringing component is
and the case of four exposures of 90
• is
A whirl can also be called a moiré or beat pattern, and it represents originally high feature frequencies that have been heterodyned (beaten) down to low feature frequencies that more easily survive the blurring of the spectrograph. By combining Eqs. 3, 4 and 7 it can be shown that Fig. 2 and the Fourier transform of the whirl is An alternate point of view is from the stellar spectrum. The sensitivity peak of the EDI for detecting the presence of a given ρ in the stellar spectrum has shifted from the origin to the "right", toward higher ρ's. That is,
The lsf edi are plotted as the solid curves for γ=1 in Fig. 4 
EDI Doppler response
For a nonrelativistic velocity V , the wavenumber scales as ν → (1 + V/c) ν, so that over a limited bandwidth there appears to be a shift ∆ν D = (∆V/c) ν. The EDI Doppler measurement uses the change in moiré phase. The moiré pattern is described by the whirl:
A Doppler shift causes the whirl to rotate: 
where S c is the blurred spectrum Eq. 1. For the EDI,
Due to the heterodyning action, W senses the sharp features of the input spectrum before it is blurred by the spectrograph. Hence the derivative |∂W /∂ν| can be much higher than for the conventional instrument, generating a higher Q.
The W and its Fourier transform w = w(ρ − τ ) express the whirl from point of view of the stellar spectrum instead of the CCD detector. That is, where the native spectrograph sensitivity peak has been shifted to the "right"
3.0.1. EDI expression using purely real spectra
While the natural mathematical space for expressing a fringing spectrum is a complex wave, these are not as intuitive to readers and easily plotted on paper as purely real functions. To provide a more intuitive linkage between EDI and conventional behavior we have developed an alternative and equivalent method for calculating Q that expresses the EDI measured spectra also as purely real spectra S edi (ν), and from the point of view of the stellar spectrum instead of the CCD detector.
This can be done by using a type of FFT (fast Fourier transform) operation which produces a single-sided spectrum from a purely real function, where the negative frequency branch is assumed to be the complex conjugate of the positive branch, and only the positive branch is shown and manipulated.
Let
where lsf 2,edi (|ρ|) differs from the dual-branch lsf edi (|ρ|) of Eq. 10 because it is restricted to positive feature frequencies. We let
and the "⊕" symbol represents a sum in quadrature. The expression contains two components, with arguments having ρ + τ and ρ − τ . These come from situations at high resolutions and small τ when the lsf edi response peak, because it is so wide, extends over both the positive and negative frequency branches. By using the sum in quadrature over both terms we can include signal energy from the negative branch when evaluating only the positive branch.
Next we perform the inverse of the single-sided FFT to obtain the purely real EDI convolved spectrum
where S edi (ν) is a real function. This is what is plotted in Fig. 2 Figure 1 shows the calculated Q versus wavenumber for a stellar model 16 having temperature 1600K, gravity g=1000, and no rotational blurring. The Q varies about an order of magnitude from one region to another. High Q regions tend to be also where the telluric lines are dense, which reduces the local flux and makes it more difficult to separate telluric lines from stellar lines.
RESULTS
Q results
The Q for the EDI (solid curve) using an interferometer delay τ =1.5 cm is about 6 times greater than the Q for conventional instrument, and 8 times for τ =5 cm, because the EDI is sensitive to narrower spectral features. The dependence of the Q spectrum on simple rotational blurring is shown in Figure 6 , for speeds 7.5, 15, 
Shape of spectra and linespread function
The effect of the instrument on the input spectrum, which is the stellar model with no rotational blurring, is shown in Fig. 2 
CONCLUSION
The EDI will return a higher Q, and thus a better photon-limited Doppler velocity signal to noise ratio than the conventional instrument, which is a dispersive spectrograph used without an interferometer. The improvement is most dramatic for low native spectrograph resolutions and stellar spectra having a large amount of high resolution features. 
